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Abstract 



A piezoelectric and/or electrostrictive actuator including a ceramic substrate and piezoelectric and/or 
electrostrictive elements is disclosed. The ceramic substrate includes: a spacer plate having a plurality 
of windows which provide pressure chambers, the windows being formed in a row in the longitudinal 
direction of the spacer plate; a closure plate superposed on one of opposite major surfaces of the 
spacer plate so as to close one of opposite openings of each window; and a connecting plate 
superposed on the other major surface of the spacer plate so as to close the other opening of each 
window. The piezoelectric and/or electrostrictive elements are disposed on respective portions of the 
outer surface of the closure plate in alignment with the respective pressure chambers. The spacer plate 
has auxiliary windows formed adjacent to respective two outermost windows which are located at 
opposite ends of the row, the auxiliary windows providing dummy cavities within the ceramic substrate 
such that the dummy cavities are formed adjacent to respective two outermost pressure chambers, 
while displacement adjusting layers are integrally formed on respective portions of the outer surface of 



the closure plate which correspond to the auxiliary windows giving the dummy cavities. 



Data supplied from the esp@cenet database - 12 



.Vabstract?CY=ep&LG=en&PNP=EPO 



bins 2003/6/6 



Page. 2 



&m-- p ¥m ms#-§-: #^6-12830(^6^(1994)2^40) 

^H#-§- : *8WP7-2 1 4 7 7 9 (^7^ (1 9 9 5) 

g»#-J§-: 1 3088890t (Wl2f (2000) 7^140) 

#fWt# = H#Wf**6tfc (2) 



fcmm/mmmmT9^~=-—9iz&\^x. ±.x<Dm*x&frtz.mh&&& i £-&vx&nztmz>£ 

«»©Sta5 6 SdS^JJl^T^lt^tufc^-t— h62t, MI/V- h 5 6 h 

<&Pfl IPC: *B41J2/045aB41J2/055, IH01L41/09 
IPC: *B41J2/045, IB41J2/055 

jEES, Kf», 79^^—9, Hf^, f^Sb 2c5£, 3§», ifttf, 85, fftK, JB3R, » 

£ =>*K iSm, 9V-> V-K ^5- *-flfy>f. «*, SI, w« 

Hl##gl : JHF08A 

mmtam ■• (o) 
tti&mm ■ (o) 



1994/02/04 63 ti}Jg«^ 21000 
1994/12/09 84 BEBS»?fc 
1995/08/28 ZS te/T*^ 
1999/05/11 ZS {te/T*3£#L 
2000/06/15 97 #^|B«H 
2000/06/19 97 #^|E^ 
2000/07/06 61 ggMSMrttt 



1994/04/14 ZS fl&^#SE*a 
1995/06/30 71 04400 
1999/04/27 62 *3lEf»** 95100 
2000/03/15 ZA 
2000/06/19 97 #4IBgfe 
2000/06/27 Al g^SEJg 



JP0600011. DAT 



Page. 



maxmrnff (jp> 02) & ^ 4# |fr & $1 (a) 



^^8^7 -214779 

(43)&WB ¥j£7*f(1995)8/n5B 



(51)IntCl. e 




F I 




B 4 1 J 2/045 








2/055 








H0 1L 41/09 












B 4 1 J 


3/ 04 1 0 3 A 






HO 1L 


41/ 08 C 








*Sl2R »*E©»4 OL 




WH¥6- 12830 


(71)fflSA 


000004064 










(22)tHKB 


¥<£6*P(1994)2E4B 




S»l»«*MTe38«KSffll»r 2 #56# 






(72)58H# 










g»im**srt«SiKSBairr2i&56# b 














(72)5181* 










8»Jfr&*StWifflK^BailT2»56# B 














(74)ttS»A 





(54) ffe/asesT^a.x-*' 



(57) [9SK>] 

[gift] ^©ipjE^awi-^-ctw e>*v «-*p 

s<—9-yv— h62t, ^S/W h 5 6 k. 886657* u- 
-h58 U -<Wto*L-C, 6 8 JCTJnffi^ 

t/ti^7 0 kfrbtasnrT-a.^—? 3 4^^ 

■C» ■ iJ-TV- h 6 2 OWROfRAG 8 ©tV#lRl 

s/satsi^ 7 0 *wj&i*-citt* e>*t5 i t o*vMiJ»i 




JP0600011.DAT 



Page. 4 



( 2 ) 

/ 

[it *^ i ] ( a ) m^<omm^mz^xm^ b 

^riPff^^r^LT^S-fey? yt^mfob. (b) 

mM&mzx^xmimf&ziritz., rnmrn, mm io 

WfB^.^— 9-7"^— b©«&©&^©Mtf#ft©P5*ffi© 
t.tfXcM-^T, Kf-^^MBK-. ^ft-^ftPrJ&fctcf© 

[it 2 ] fltreKti&«i* # > tot, 

1 m t^/* £ ;hrc v ^ f»#^ 1 * teft *s 2 kie 
«*ofliit/*auiifflT 30 

[000 1] 

S«5 7*©jE«/fI^B£ST * f-=t.^-—9 \z»T& 
<b©-?;Jb>5. *fc*;h,&>f V^tf^lBJWi: LTfflv^fc 40 

[0 0 0 2] 

^©#3S§r^ffc$-fr5 <fc 5 Lfc t> ©**$» fejvc.v 



#PW7-2 14 7 7 9 

2 

[0 0 0 3] #4B9Hfe>K:*5Vvt'b« ^©i ?&*it© 
K©— ofc LT, 5fe<-s #S¥4-1 6 0 2 04#l^ 
y — b©SIJi«bSr— #:«^EbT^t>^5> rtSBfc: 

Ff jfe©jtoff iittfts — WKjAA T«j*-r £ 
— -£© X 54*7??? *2£#©;!ra£E^ii©fl.ffi_h 

[0 0 0 4] AftftjKite,. S5*J;t5@6»c^$tu2>J; 
5 (c, T9 * t L-C©^ is 9 sf? >-?mt 1 2 

tci 5 ?gj5g$Hfc«*©^©ffim/m^^sbSR 1 6 1 

*»€>#WiS*U -€:©F*3^tcKffi«/S^#ii5liCl 6tC*T 

MV^y X/WSCW2 OW: v #[»©/X/W5L2 2, W ^ 
^PSttlfflefE1^2 4*5<£IM ^^"»*&ffl«E8&2 6Sr*UT 

r©-TV^^ffl«tSS2 6F«9{^gB*^*#A^ 
f>nfc-f>^Sr, ^^^^V^ltl 2<0#*Pffi^l 8 
rttc^ji?L2 8 SraDTtt*&*L-J6, ^UTffS/m^ 
f^fbSPl 6©frtb(cJ:^iPff^l 8c^SgB©^(cJ;o 
t, »Pffi^l 8©f*3SC{-ff^Sr^b«)s SlxmmH2 
9, -f>-^i«ttiffl«EK24SrjlCT, /X;W?L2 2^ 

V^aJPftiHtrL&ktvS J;5^-^oTV^S©-efc 

[0005] L-C, ftjfit?tt, 7 X/HB©tT J; 
X, £><<Dtom&l 8*ft'<xmi$.-rZ£5\zti:oXM 

TV^S <> 

[0 0 0 6] L*>l,*£#ib, ±i^©*n#«jS©T^^^ 
3z—^ (1 2) Zm^tcOfi?^?' h^V l^b^y K 

^c^3v^T^i, ^^©Jph^i 8(cmjeSlt:— ?!i{c^-c 
^{t fettfc^wjEm/m^f^Kias i 6 ©M«s©t©© 

^^^©M^ftB-rSJEa/^f^WiSCtc 
JtULT, $&5fiaHSrrt«EbTv>fc©-e*>5o 
[0 0 0 7] otDAfrW^f*, Ji^Ufcftl^pigcDT^ 
(12) tc^T, (OBM/mmftWiU 

i G\z.ffife<DmWin&*f$to\sX, ©f^ttsu c&pffi 

^l 8*®j5K-r5PBil) ©g§*-3£(fc«£«yj£-*-5i, M 
ig<of^W)gp©^*»*^ •tixe>©w«-'e«-r'5^»gp© 
^tefi X V 1> 3 *flS* Vh£ < * •? . $ 44Eft 



JP0600011. DAT 



Page. 5 



( 3 ) 

3 

(i2) \z.*$rt zm.m<o&n/m&imu i 6 nvmm 

[0008] -tr-e, #3S^#&>»2> JKK*W*r*fa» 
#1^5-5 96 70fi LT, ^JLTifttt btvfciO 

foWttt, ^©y^+^t'f-fOlFlEiaot, Wffico 10 

3fHK& ttt«LriBCJ:5 lc4<5«5ft©r 9?-^— 
[0 0 0 9] L*>b**se>, 3rirtr^>f SrW 

'te«•t- ; 2>t.^i:»ra^#^4^l^sst"^s^*^-^ ^* 

[0 0 10] 

tt#14Src}fe#L.T> c£T<Offim/m^f£»g|5K:*5Vvrffi 
ttfe#»#14^#$H#SJ: 5t-i"Si:*lc, 

[00 11] 

[«?&#&] -t L"C> _tlEc0^jaSr^1-5fcJt>(c. * 40 

frZ)n,xmw.&u*w*z>&&i-7^- htsr, **i*e 
ftt. (b) aaiE^^^-hco^®±co«-ipff^(^ 



#M¥7-2 14 7 7 9 

4 

APJ£^{cjE;*3<S:4l1?L«>5 i 5 lafeff t/t^ilT 
tcTy$-^-y tf^-r SrlNE-tr? 5 s»:*;*SW3te»J* 

[0012] ^*5, *>*>s*«ii!fc«5BEm/«aaes 

[0 0 13] #3PJt£?£pJE®/«^B£MT^ 

0, *itiifflMffi#m*t>*zm&-£AsX'mtfiztix\,* 

[0 0 14] 

&*%z<DffiW]?&mmtft>tvx\,^z>z.biz.£<<), mum 

^^4* i ^•^U^ciS5^6e>^^t:v^^co-efcs <J b*^t> 

^- -4 , T>V n-C }iMffico*PjaE^copgiJi4co#fSaE* 5 3S) 
[0 0 15] i-ft*>*>, MSjfgSB (^5-#t^>f) 

<D^x \z&z>wme>i&Tmmz.imz.x. m 

TcoHiJt4(DmflS*S3ia$^ WTMfficoAPJEE^Sr-^tf 
•r'<Tco^pJE^^c*5V^r, JES/®^t!)Si5lc:<t-5l^^ 

[0 0 16] ^o-C, ^ST^^ax-^S: 

<Dmvk.i&sm i4(^a<5 < >- ^ stm 

[0 0 17] rcoj; 51c. *^l-fc-5X», M4S<0*P 



JP0600011.DAT 



Page. 6 



( 4 ) 

5 

[0 0 181 

immm] JUT. *W93*Xfc:R#ttfcWkiW£rafc. 

I o o 1 9 j 5fe-r, m i t-«s *»?iia*aMi ^^fcjEm 

¥«^<lrM-tS-fe7 5 ^^^Hl/W- h 5 6 t 
tf-^V — b 6 2 igSKT'V— h 5 8 i.j&s— #&J{;l 

w- b 5 6 <D*m±K.smtitztifcii8&<omn/n&ft 

jfttti: 7 0 asRWHlWEJll^o TJDGBS U *©jf&*JEES/ 
S3l^i!)gi5 7 0 t V- h 5 6 t LTSW 

^-T^rilCk*?, 5^*S#6 4rtgp{^J5e 30 

[0 0 2 0] j:9JMtt&iai» *ne-fc? 5 s>**&#6 
4 b 6 2 left, @2^£;ft, 

-cv>5j;5fc, ^cofi^rS)^— n^tt^x, 4®<Dm 

0f^cOTf-iS^I-*3V>T, -C{i-*:;}v<b 6 8 ilfc 
K C-«rtfe»«0*l***l5 7 8, 7 8 ^-ttt-^tl/^Stv 

wh6 2 6 8 izttfei-ztiLmc^ m—<omm 

[0 0 2 ll WIB^.^— f-^V- h 6 2©-# 

<D{BI (0 2{C*JV^T{U) <75®(CMIE^7'W— h 5 8 

fin) (om^mm^^- b 5 6ami3i^^iv^ 

5 4<D^eiJ(C(* % S&|BX-<— i^T'V 50 



#M s P7-2 1 4 7 7 9 
— I- 6 2W&8B6 8 tMl&^7 8 ©W§P 3* Miffl 
0>3t»?L6 6,6 7 fc»CT*fflfc»a£frfcflnEE£3 

6^-?ytc^e>nT4o^$^st*^, *ft?>4 
[0022] rcj:54-fe75->!!'^S#6 

-a*. $m\ vw.wMh'^i'?— tt.mz.mm 

— -f u— b'gm-*? V * ° —A* =» — 9 —%iW.&<0—®> 

^6 8, 7 8tf- m-<ommH6 6, <d7<g*W- 
h5 6, 5 8, 6 2 cofflr^^^-r 

fc6„ ^tv^J-. A*5t75?^^S#6 4Cfeot 
6, 5 8, 6 2<Dfi^a-g-t>•^^B^-feV^-C, ft±t£*s— /V 
[00 23] &*5, 7 5 S' ^ 6 4 OiSjg 

-Xtt^-^. h SrSUWfif U < li^X-t-S r 1 7>s N l 

<D!6«Ptt*5tiL.x. #7"^— h 5 6, 5 8, 6 2<E>fi*a 

[0 0 2 4] ^©i 5 5 yt^mfcQ 4 (C 

fcotlt SiKT'V— b5 8*S|glte>nT, APflE^3 6 
, <0»ia?L6 6, 6 7«£T^S5togii£;}x-5 

^x, )^^s:o*s^&^^ih$n^i*^. gift* 

Steffi ^p©5igiv Mt«J iS* P>tu5 <t 5 <-^oTV^5o 
sfe*5. 7 8 dSgflS^V- h 5 6XtW7"W 

h 5 8KTW«d>fe*W4*vSi:» t75s'^^Sf(:6 
4 ©ggJEiSBtK, 7 8 l:t4ttil5?g^5M 

fcsys- ^^tfT 1 ^ 3 7 f^WD^tf^^mco^ 

a*U<*VNfcr-./&*»6> % ^T'V— K5 8(^ag^Jii* 



JP0600011. DAT 



Page. 7 



( 5 ) 

7 

[00 2 51 ££>l^ -fc^S 5^*£#6 4Sr#;t5-fe 

5. Kl/V-h5 6, SSttT'l'-hS 8*3j;tf 
j^-^u— h62 left, •€-Oggfe'tt J ^ffl?3S^ 3^ 
v i/co^L-S J: t) > B&IH t-fe 7 5 y if ^n.^StXmJSL^M 

[0 0 2 61 Kfcl*fc» Wt7S5-^^S«:6 4l: 

O/imtlT, J:»J»*L<»*2 0MmgJl^ Xt-£?* U 

<{43~1 2 M mgai:$nS. *fc> 

h 6 2 -«tlOMmW±, »*L<ti50 

l£3 0/xm£Lh, b< ft 5 0 » m&L±. L 
<«10 OjimiJUit^nSo 

[00 2 71 Lt, ^il/W K 5 6 cD^1-ffi_h<0^- 
#Pffi^3 6^*fJC£:ir-Sg|J«i:lC|^ -fcfr-eh,, T£BSffi7 20 

<omm/9&vmu m&j&mc ± -=> t > wt e> 

6, 7 2) *5it^ffi«/m^S7 4Mu 4*fcPCD«-ffiCDjg| 

mmm. wz.t£. x?v->wm. — , f^y*? 

#y>y. -JtagK** <i*^-7\s—7'4is!r, cvd, 
* y ^mvmm&i&^&iz <t o $ *ts r t t * 

5 0 ^LT, BBS/v-b5 6 (ir 

1/-N56 ±ld)K^$^fcTei5mffi 7 2 , £Et/13l 
jf 7 4 *5 <fctf_hg|5«fii 7 6 fcfc, i&SKJS KXmtimJbm. 

[00 2 81 fc*5, ^^5ffia/«^f^t!)gi5 7 0 Srfltafc 
-fSS^BI (±T«H7 6, 7 2) (Ottmt UTIi, ^ 

fr&^-Cifcfttf, 4$KPB;££;ft5fcCD-m#<, «*. 40 

Ifttt* 9 5 •> * 9 t > &JR^£: t <Djg£-«! 

•J6U3S*.*v\ ffs/maie 7 4 ©tmt ur 



#PB¥7 - 2 1 4 7 7 9 

ftW'ft-efcoTfc&vM^ifcSo (72, 

7 6) ©»)|BK»ff«/ttSJi 7 4 ©«3PH4» fiHvfe, ^ 

5-2 9 6 7 5^« J ^#IB 5 F5-2 7 0 9 1 2 -§^# 
^s^M h MC £ Jit V •» 5 1, <D*5*f Ufc-ffl V <> h tlZ> r 1 1 

[0 0 2 91 Htc, -t!5<£>#l< LT^^tt^BEm/m 
^^»gp 7 0 com £ — «tc 1 0 0 n m &7. ftt * U 
<(*6 0Mmiy.Tt^n5o ®*!BI (JiT«®7 

6, 7 2) ©^Stt. — Wt\Z- 2 0 m mjy.T> »*U<tt 
5(imKTt$Jl5. JE«/m^7 4 0J?:$ 

10 0 3 0] JE-LT^ r©J; 5\CLXmf$.£tltcK.m/ 
«3lf^t!)lfl5 7 OJcfco-Ctt, Hi7"W- f 5 6 Srffigi 

So 

[0 0 3 11 ^l^lCfeoTtt, 0 2{C^$ 

*VCV^«fc MS/l^- b 5 6<D:*1-®(CtSit^tvfc 

Hm/«^tbSi5 7 0 ©ga^rRH-fc it -5 Pa«S<£> t ©cd 
35^ffl!ll^. ffl«J^SC7 8 (^^-^r-ylfT 1 ^ 3 7) (C 
*fJ^UT, ^WJ16 0, 6 0 35S, Zrfr^ti. ffif£'< 

mm 6 o zmmyi/— h 5 6 co^®-ht:i— frwi-^u 

SSiDJI^ 3 6,3 6 coffi®/®^#«jSC 7 0, 7 0 lc J; 
[00321 ^d^S^MfiJ^ 6 0 f*. 4i:*P©# 

ffi«/«^»S57 0, *frWtc«Ta5«fil7 2, 

E«/mss 7 4 , ±«mm 7 6 cD^tcKL-c^ $ 
tiz^mkmwtmm&Lmzjiix. mm-ru- b 5 6 

m &mmi-tu*. tewamm 6 0 *mn/ig&Ymi& 7 

J*. ^^*JJ1 6 0 WIEJE«/m^f^t!)SP 7 0 h R 
«^Tl35«ffi7 2CO«*3j;^/*fc»*JE«/«^e7 4 

<. <=ft?fcT^«fii7 2*3j:U5JEffi/«^e7 4. SfcV* 

Kmm icmm $ n s r 1 1 * s . 

[003 31 i co J: 5 ^^teWfJe 6 0 «u IH^iJ 



JP0600011.DAT 



Page. 8 



( 6 ) 

9 

*Mz.mi/&&.mm 7 o , 7 o m*w^tovjm.-t 

6 O fc*ME1-Ste» JHt/fcafHtt* 7 O £-5-;i5~Fgl5 

®g 7 2 „ g.m/nmm 1 4 «t^_hgpmffi 7 6 ©ft© 

-CIS, Ft/£©^£*U *9 V->f%M^<Z>B&M!$.& 

*vfcV\6^ &$•!>< tttVWl k g/mm £Uu 
10 0 0k g/mm 2 &LT<Ottm^ffl\Z.miR£iV. * 

b;Mf£t>©-e*>5o 

[0 034] $ ?>*^. a>a>&Xtttt1MJB 6 0 li, 
357 8, Wm~$-ivliy^—*fe7-^ 3 7©#SI:±o 

•£•©✓•** — fte, ^-Ytf^-f 3 7«Ct 20 

5. ^rbT, r©^te#LfMe6 0©/<* — ^©*££l- 
ioT, Pl!H4©_t#©ft'a-v^WJtPS*t, 
^tr^ 3 7 fc£M»bt\ i^ig©Jn£E^3 6, 3 6©^ 
##ttasfIfi£;h,£©-e#>5o tats* BtoMMMeo® 

j»st>*ff*3 6©«ttte*>*aiai»u ^©ffsa 5 

$tLTJ4. -«SC7 0mnHT, 0*t<IJ5O(im 

10 0 3 5] *>< L.-C#t>tv5T^^3.ai— ;?3 4JC& 
oTte. ?!|^(c3fe'<TlS:ite>*tfc4o©JPffilg3 6 0& 
g)56 8^*fjE&) ©^©^©{-^-C. Jglc-^©*M&iJ 
^©T|-fe^l-Ktt$^fc^5-dr-y^^ 3 7 

(Mft&gB 7 8 K*fj£0 t>K ZiX^ivnVbthX^Zb 
r^^f>, -?r©j^iJS©*Pii^3 6 ©TO^as$*B<JK:^g;T 
■^^:L^t>t5;i^•rv>.5— #\ ^r-rtfTV 3 7 tc 
SJStSilT'W h5 6 ©#-®±©gWfcl-> *tt«tl 40 

+ ^ 3 7 JKMEtUMMi 6 0 ffittoAl 
ffi*3 6©SB»ttSrlPWbT» 4 o©JE®/mfimS&fiiJ 

7 0 (Ct -5^&S. ^mi-^li«-*PJE^ 3 6 ©£?£*;&* 



4#M¥7 - 2 1 4 7 7 9 

S<5< ffU&A^'c, mic«t 9 Wi8©EEm/«3lft« 
SP7 O^tctttBffiT-t-SJ: t&ELfcWft 
&SB7 8 3 7) OffiSlciot, % 

©<fc 5 *W«8©flES/«^f«bas 7 0 ©tete<B;T©f?3J§ 
t*f"Jt::^^SI^fP$^^ i: t ^ofe©-C*>S. 

[0036] b*>t, M^©Jpff^ 3 6 <omm*K W$L 

37) ©^^js©^-i-±5*g-©$p^, #<©^ra^ 
hz>o bp*>> mmyu- 6 ©*®_t(;:^m«aiJi 6 

0S-^-rs©^fc«5. Ld^-^©* 5 ^teMffclB 
6 0©^i5'->-^H©^-t?»J'l4©^S*sfir^fc'^Sr. 

fc, — ^SEJEttllMMrtB 7 8 ©^«^HJ; <9 feftti 

J.O^flfitJlfT5&V^S©-Cfc5. 
[0 0 3 7] d>i>57^fax-^34li, 

U-rJWffli-sr. fc#-e#. El3i-tt> _tj^©Jn#T^^ 
3.31—^ 3 4 fc"-f v^y X/wS5$Ti:*s— 

3 4t*M^-^x5' Vh^S/ K3 04-W^-T 

tc, tiveHWrt^TO^tfi-f-S ^ — h 3 

8i^!)7^^/w-h4 0^ ^rite>©raJ-iftKy^ 

[00 3 8] .fctJfftjffllctes *V y^^V— YA 0\z. 
te, ISStBT 9 9 3 4©^— ©»ii5L6 6, %~ 
©Siii?L6 7\z.*tf&-i-hQLW.\c. ^rtv-e^ ii?L4 6, 
ty7^^48^$^5t*l^ 4 9 

5 2izsf^9 zmnirr zm&n 54 

- h 4 0 ©il?L4 6 iC^f Settle, ii?L4 7 
^tb^t*{C. ^-!)7^^/V-F4 0©4o©t!)7 
^5L4 SSt^Wif&TLS 4{c»ji-r5^gC5 OtWf&Z 

h4 2©5i?L4 7 ^c*f^s-rs<^B^^l^ ^^^"fiwffl©/ 

X/V5L4 4^fiK$^^rv^5c 

[0 0 3 9) *tt< m#/V-K3 8, 40, 4 
2#m;te-8-fc>;**v-C, jSS*S*^J{cT-^«j{cg?^ 

^TV^©-Cfc9. *fcSdE«a»^v- h 4 2(^tt?> 
^cS5gP5 0*5, yX/VT'w— h3 8*5j:0!^-y 7^^ 
7"l/- h 4 0 IC tMffil* 1 ?>II$tl5 C 1: ia 9 , -f >* 
j5"p*t«!tS&5 2^s^$^^■rv^5©-C^>5o 
[004 0] ^i*5. *^*»-5'f / X/HaJ*f 3 2 Sr«^g 
h 3 8, -4 0; 4 2©$JW»*. 



JP0600011. DAT 



Page. 9 



(7 ) 



7-214779 



11 



12 



[0 0 4 1] ^tt, m^f^^X;VM3 2^ s 

*y br/P^b^^ K3 0^^SJx*<Dt?*>9, *91B 
{fc#&?L 5 4 X *) << > 9 5 2 (C{&if& £ tlfrsf. is 9 

tt. T9 i ?~^ 9 3 4<Dff«/m^tt$B7 0<DfMtt 
te£<5V^T\ 4^9 J X/Vgp«-3 2cD^-y ^^^?L4 8 
T9^^— 9 3 4(DiPJE^3 6l-«S£iX 
-ttSPffiS3 6 ±93^4 6, 4 7SriilCT^ 

[0 0 4 2] **5. ^y^;X;W3 2^T^f^x 
!)x^fM, maK^i/JR* ^=7^Jh. &V'&\'9> 

[0 0 4 3] toXffl<0J»Mtts mm&<o&frt>^ 
K&ttco^— * b^>f 7t>i/~ h94 ^&&inX&*). 



b^-Y^cD^y^i/^^ y ^ * 

[0 0 4 4] Z.<OXb^m^^-r^>9^^y 
yy>^^K30m T93-~x.r-9 3 4;&s_h3£<D*D 

^ >9 5tu#ffi5^bt#bns - £ t *ofcco-efc 

So 

[0 0 4 5] H^(-> E 1-21^ $tv^jta 
U No. lHNo. 7%-^<07o(OmSMZ 
yiJ^^TKH-foixSfc*^ (No. 1, No. 

7)'<DiP£E*3 6fc4fe^<T. 3Efc*<D^MBlJ:, MlbfKffi 

-h56 (0^®±<D9Stel-> ffi«/«3lf^SbSlS 7 0 «:« 

f^ttgi57 Qtm^mrtbfoXt£Z>T9J-~^—9 3 4 
SrSaagUT, #*Pi£^3 6 (No. 1-No. 7) td» 

k<Dt£\t^T9f=L=>— 9. <^Wc^(DX 5& 
M3MMB7 8 (Kot, ^-^1^7^3 7) ttKI* 

T|S:tt?>ttfc#JEm/mSifWja5 7 O^oVNTmjEESrPP 
*PU HI«KbT, #anBEfflBO»*aEtt*S:JI!l«b 

fc 0 ft*3, Wiv<DT9T~3L— ^M*5l>Tt>, 
7 8tf>^*m> fR«6 8 fcH— fcbfco 
[0 04 6] 

mi] 







jnffSSO«l^3EttS (Mm) 




(37) 


ME 
(60) 


jttPEES (3 6) «^ 


1 


2 


3 


4 


5 


6 


7 








0/25 


0.26 


0.25 


0.27 


0.26 


0.26 


0.26 






& 


0.28 


0.26 


0.25 


0.25 


0.26 


0.26 


0.29 


ft 


m 


0. 19 


0.25 


0.26 


0.25 


0.27 


0.26 


0.20 



JP0600011. DAT 



Page. 10 



( 8 ) 



#9W7-2 1 4 7 7 9 



13 



14 



j.ohst*w- h 5 6 <o9m±\z.&omum 6 o *wl» 
rt«ij<Dffm/msi^W)gP7 ocbco^js 

— *;6*#b;ftTV^<Dl;i*fL-C, y5-^r^tTx^3 7 

ffloiim/mfif^iijgp 7 0 k j; *a*SBit**«^:«te/jN 

*v£o ^3— 3 7<O^Sr^ftfc»-&tC 

fcoTtt, ^©ys-^lf^ 3 7CO*#£/$^]I§J 

►) i@t?t\ ffm/maif^iftgc 7 0 ssi^tesas 

[0 048] £i±. >*«W©{«tt*3tt6«fco^-C# 

[0 0 4 9] 0!l;tti, 3 4<E>fltJ5fc»*, tfl 

^-^ 3 4 K*5tt-5#nJE^ 3 6S.U=JEfl:/S5ifrt!)SC 7 

— .*.*^5r-f 3 7) «»<D<ggB6 8<DMUvtn*l<C>pfq 



[0 0 5 0] tbt, *3M8©T^» Jt» 
[0iB<ofB¥fcSi§l3] 

[HI] *l§l©-|IWJt L-CC)il/lHST^ 

[si2] iior^fai- f&mm&fsiw-r&tcitxD 

[134] 03O'f^i?i5' hT'y Kco-f 

[El 5] »©>f^-;i'/>7'!JyK5' K 

[IH6] 05^*51} 3 V I -V I WBIftWEH-C**. 

3 0 'f^i?i5'h7 , !)y^K 

3 2 -f ^ y X/isUtt 3 4 Tirf-^— 9 

3 6 ^Pff^ 3 7 ^tf^ 

3 8 VX/W^W— h 4 0 t!)7-f^7w-F 

4 2 flftB&^V— h 4 4 ;X/W?L 

4 8 ^-y^^-^TL 52 -<^?<m&m& 

5 6 KlT'U-h 5 8 SiKT'W-h 

6 o &mm\m 6 2 y-^w— h 

6 4 t7$5'^^S* 6 6 |R— <Djgil?L 

6 7 ^-©i»ai?L 6 8 

7 0 izm/n&itmu 7 & 



1] 



[13] 





JP0600011. DAT 



Page. 11 



( 9 ) #PB¥7-2 1 4 7 7 9 



[02] [14] 




JP0600011.DAT 



Page 1 of 1 



♦NOTICES* 

.Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) A spacer plate with which two or more window parts arranged in the shape of a train, and 
were prepared A lock out plate which puts on this one spacer plate side, and covers said window part A 
ceramic base which carries out laminating formation with each green sheet, is made to really calcinate a 
connection plate which puts on an another side side of this spacer plate, and covers said window part, 
and comes to form a pressurized room in said window part (b) A lower electrode, the piezo-electricity / 
electrostriction layer, and an up electrode by which sequential formation was carried out by the film 
forming method in a location corresponding to each pressurized room on an outside surface of said lock 
out plate Are piezo-electricity / electrostriction membrane type actuator equipped with the above, and it 
arranges to a thing of ends of the direction of a list of two or more window parts of said spacer plate. 
Furthermore, while preparing an auxiliary window part of predetermined magnitude in the outside, 
respectively and forming a dummy cavity in said ceramic base in this auxiliary window part It is 
characterized by preparing a displacement regulation layer of a predetermined pattern respectively in 
one on an outside surface of said lock out plate part corresponding to these auxiliary window part. 
[Claim 2] The piezo-electricity / electrostriction membrane type actuator according to claim 1 by which 
said displacement regulation layer is formed in one on an outside surface of said lock out plate by the 
film forming method. 

[Claim 3] The piezo-electricity / electrostriction membrane type actuator according to claim 1 or 2 with 
which said displacement regulation layer consists of a lower electrode, and/or the piezo-electricity / 
electrostriction layer which constitutes said piezo-electricity / electrostriction actuation section, and 
same layer at least, and is formed in this piezo-electricity / electrostriction actuation section, and 
coincidence. 

[Claim 4] The piezo-electricity / electrostriction membrane type actuator according to claim 1 or 2 
constituted including a layer which said displacement regulation layer turns into from an insulating resin 
material. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] crookedness [ mold / of the structure of this invention relating to piezo- 
electricity / electrostriction membrane type actuator, especially coming to prepare two or more piezo- 
electricity / electrostriction actuation sections / a uni-morph mold, a bimorph mold, etc. ]— it is also 
related with the structure using [ and ] it as an ink pump member about the piezo-electricity / 
electrostriction membrane type actuator of the type made to generate a variation rate. 
[0002] 

[Background of the Invention] In recent years, the thing to which it was made to change the volume of 
this pressurized room is known with the variation rate of the piezo-electricity / electrostriction actuation 
section prepared in the pressurized-room wall as one of the devices which raises the pressure in the 
pressurized room formed in the interior of the base of an actuator. And it is used as an ink pump of the 
print head used for an ink jet printer etc., and ink is supplied, and by raising the pressure in the 
pressurized room with which it filled up with the variation rate of piezo-electricity / electrostriction 
actuation section, from the nozzle hole which is open for free passage to a pressurized room, such an 
actuator hammers out an ink particle (drop) and prints it. 

[0003] Also in this invention persons, it sets to Japanese Patent Application No. No. 160204 [ four to ] 
previously as one of the ink jet print heads using the actuator of such structure. Really calcinate the 
laminated material of two or more ceramic green sheets, and obtain the base of an actuator. While really 
which comes to form a predetermined pressurized room in the interior constituting from a burned 
product, the actuator structure which comes to carry out film formation of piezo-electricity / the 
electrostriction actuation section was adopted on the outside surface of the pressurized-room wall of 
such a ceramic base, and that in which a predetermined ink nozzle member carries out the adhesion 
unification of it was proposed. 

[0004] As shown in drawing 5 and drawing 6 , the ink pump member 12 as an actuator consists of a 
ceramic base 14 which carries out the laminating of the ceramic green sheet, and really comes to 
calcinate it, and the piezo-electricity / electrostriction actuation section 16 of two or more membrane 
types formed by the film forming method on the outside surface, and, specifically, the pressurized room 
18 is formed in the interior corresponding to this piezo-electricity / electrostriction actuation section 16, 
respectively. And the ink nozzle member 20 such an ink pump member 12 is made to paste It has two or 
more nozzle holes 22, the passage 24 for an ink blowout, and the passage 26 for ink supply. Make the 
ink led from the outside in this passage 26 for ink supply supply through the free passage hole 28 in 
each pressurized room 18 of the ink pump member 12, and according to deformation of the wall of the 
pressurized room 18 by actuation of piezo-electricity / electrostriction actuation section 16 The interior 
of a pressurized room 18 is made to produce a pressure, with ink is made to spout from the nozzle hole 
22 through the free passage hole 29 and the passage 24 for an ink blowout. 

[0005] And recently, the pitch between nozzles is made finer, and in the base 14 of the ink pump 
member 12 as an actuator, in a very narrow pitch, many pressurized rooms 1 8 are put in order and it is 
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coming to form in order to realize a minute and quality ink jet print head. 
[0006] However, in the ink jet print head using the actuator (12) of the structure like ****, the 
operational characteristic of the thing of the ends of two or more piezo-electricity / electrostriction 
actuation sections 16 put in order and established in the single tier corresponding to two or more 
pressurized rooms 18 was inherent in the inferior problem as compared with the piezo-electricity / 
electrostriction actuation section located among them. 

[0007] In the actuator (12) of the **** structure more specifically mentioned above driver voltage 
predetermined to each piezo-electricity / electrostriction actuation section 16 - impressing - bending of 
each actuation section (septum which forms a pressurized room 18) - a variation rate - if an amount is 
measured - the variation rate of the actuation section of ends - the variation rate of the actuation section 
to which an amount is located among them - an amount ~ about 30 percent — small - becoming - a 
substantially small variation rate an amount is shown. And when the operational characteristic 
(bending a variation rate amount) of two or more piezo-electricity / electrostriction actuation sections 16 
which can be set to an actuator (12) in this way varies, in the ink jet print head using this actuator as an 
ink pump member 12, the problem to which the ink discharging performance in two or more nozzle 
holes 22 invites deterioration of dispersion and product quality will be caused. 

[0008] this invention persons repeat examination further and a dummy cavity is prepared in the outside 
of the thing of the ends of the pressurized-room train established by standing in a row as Japanese Patent 
Application No. No. 59670 [ five to ], respectively. Then, by existence of the dummy cavity The 
actuator of the structure which becomes the same as compared with the piezo-electricity / 
electrostriction actuation section of the inside to which the rigidity of the pressurized room of ends is 
made to fall, with the displacement property of the piezo-electricity / electrostriction actuation section of 
ends is located among them was proposed. 

[0009] however , if it be in the actuator of the structure of prepare this dummy cavity in ends , in order 
to make comparable the property between the thing of the ends of the train of installed its piezo- 
electricity / electrostriction actuation section , and the thing locate in that inside , the configuration or 
magnitude of a dummy cavity must be select suitably , and in order to have to adjust it by trial and 
error , it be inherent again in the problem which require time amount and costs at the time of a 
preliminary design or a design change . the case where the window part which gives a pressurized room 
especially is formed by the blanking method of a green sheet - setting - the metal mold for the blanking 
- various preparations - it must cany out ~ therefore, such blanking - public funds - while the 
fabrication of a mold took great costs, it was what also requires much time amount. 
[0010] 

[Problem(s) to be Solved] The place which succeeds in this invention against the background of this 
situation, and is made into the solution technical problem in here In the piezo-electricity / electrostriction 
membrane type actuator of the structure of coming to prepare the piezo-electricity / electrostriction 
actuation section of two or more membrane types in a base outside surface corresponding to the location 
of two or more pressurized rooms which arranged in the shape of a train and were prepared in the base 
While the operational characteristic which has improved the operational characteristic of the piezo- 
electricity / electrostriction actuation section located in ends, and was excellent in all piezo-electricity / 
electrostriction actuation sections may be demonstrated It is shown in succeeding that it is easy in layout 
of the actuator with which such operational characteristic has been improved, and aiming at compaction 
of production time amount, and aiming at effective reduction of a manufacturing cost further. 
[0011] 

[Means for Solution] In order to solve the above-mentioned technical problem, and a place by which it is 
characterized [ of this invention ] (a) A spacer plate with which two or more window parts arranged in 
the shape of a train, and were prepared, and a lock out plate which puts on this one spacer plate side, and 
covers said window part, A ceramic base which carries out laminating formation with each green sheet, 
is made to really calcinate a connection plate which puts on an another side side of this spacer plate, and 
covers said window part, and comes to form a pressurized room in said window part, (b) Sequential 
formation was carried out by the film forming method in a location corresponding to each pressurized 
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room on an outside surface of said lock out plate. By consisting of piezo-electricity / the electrostriction 
actuation section of a membrane type which consists of a lower electrode, piezo-electricity / 
electrostriction layer, and an up electrode, and making a part of wall of said pressurized room transform 
by this piezo-electricity / electrostriction actuation section In the piezo-electricity / electrostriction 
membrane type actuator it was made to make said pressurized room produce a pressure While arranging 
to a thing of ends of the direction of a list of two or more window parts of said spacer plate, preparing an 
auxiliary window part of predetermined magnitude in the outside further, respectively and forming a 
dummy cavity in said ceramic base in this auxiliary window part It is in having prepared a displacement 
regulation layer of a predetermined pattern respectively in one on an outside surface of said lock out 
plate part corresponding to these auxiliary window part. 

[0012] In addition, in the piezo-electricity / electrostriction membrane type actuator according to this 
this invention, said displacement regulation layer will be advantageously formed in one on an outside 
surface of said lock out plate by the film forming method. 

[0013] Moreover, according to the desirable embodiment of the piezo-electricity / electrostriction 
membrane type actuator according to this invention, it is formed in this piezo-electricity / electrostriction 
actuation section, and coincidence, and said displacement regulation layer is constituted including a 
layer which consists of a lower electrode layer, and/or the piezo-electricity / electrostriction layer which 
constitutes said piezo-electricity / electrostriction actuation section, and same layer at least, and consists 
of an insulating resin material. 
[0014] 

[Function and Effect] The rigidity of the pressurized room of ends is made to fall effectively by 
arranging to the thing of the ends of two or more pressurized rooms which arranged to the shape of a 
train in the ceramic base, and were prepared if it was in the piezo-electricity made into the structure of in 
short following this this invention / electrostriction membrane type actuator, and preparing the auxiliary 
window part of predetermined magnitude in the outside further, respectively, with the deformans is 
raised advantageously. And rigid fine adjustment of the pressurized room of this dummy cavity, as a 
result ends may be effectively performed by preparing the displacement regulation layer of a 
predetermined pattern respectively in one on the outside surface of the lock out plate part corresponding 
to these auxiliary window part (dummy cavity). 

[0015] To the rigid lowering accommodation by the size (magnitude) of an auxiliary window part 
(dummy cavity), namely, by in addition, one-formation of a displacement regulation layer From the 
place where such rigidity comes to rise, by selecting the pattern of this displacement regulation layer etc. 
In all the pressurized rooms that the degree of rigid lifting may be adjusted, and rigid fine adjustment as 
the whole is realized by this, with include the pressurized room of ends It will bend, the amount of 
displacement will be obtained, the equivalent outstanding operational characteristic by piezo-electricity / 
electrostriction actuation section is stabilized, and it may be demonstrated. 

[0016] The outstanding ink discharging performance based on the operational characteristic which 
followed, for example, was excellent in the actuator in the ink jet print head using this actuator is 
obtained, and improvement and its stabilization of product quality may be attained advantageously. 
[0017] If it is in this invention, rigid adjustment of the pressurized room of ends thus, with formation of 
an auxiliary window part (dummy cavity) In the bottom of the condition of having prepared this 
auxiliary window part (dummy cavity) in predetermined magnitude, and having made the rigidity of a 
pressurized room falling by one-formation of a displacement regulation layer from the place which is 
what is performed The degree of lifting of this rigidity can be made to control by the pattern of a 
displacement regulation layer, and effective fine adjustment of the rigidity of a pressurized room is 
attained by this. By and such pattern adjustment of a displacement regulation layer When rigid 
adjustment can be performed, rather than configuration modification of the auxiliary window part using 
blanking metal mold Lifting of a manufacturing cost might be made to control remarkably and, 
moreover, such pattern modification could perform the layout and design change promptly and 
economically from cheap and the place which can be performed for a short period of time. 
[0018] 
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[Example] Hereafter, in order to clarify this invention still more concretely, suppose that it explains to 
details about the typical example of this invention, referring to a drawing. 

[0019] First, an example of the piezo-electricity / electrostriction membrane type actuator with which 
this invention was applied is roughly shown in drawing 1 , and the decomposition perspective diagram is 
shown in drawing 2 . The actuator 34 shown there consists of a ceramic base 64 with which the lock out 
plate 56, the spacer plate 62, and the connection plate 58 made from the ceramics which present the 
plate configuration of thin meat, respectively pile up in one, and it comes to unite them, and the piezo- 
electricity / electrostriction actuation section 70 of the membrane type by which film formation was 
carried out on the outside surface of this lock out plate 56. And when this piezo-electricity / 
electrostriction actuation section 70 contract according to applied voltage and piezo-electricity / 
electrostriction actuation section 70, and the lock out plate 56 deform by flexion as a whole as a result, 
the pressurized room 36 formed in the ceramic base 64 interior of this is made to deform, and a pressure 
is produced. 

[0020] it arranges to the longitudinal direction at a single tier, and the window part 68 of the shape of 
four rectangle forms as more specifically shown in the spacer plate 62 which constitutes said ceramic 
base 64 at drawing 2 — having —'**** — further ~ the thing of the ends of the direction of a list of these 
window parts 68 — arranging — a size configuration further predetermined to the outside — setting — 
here — these window parts 68 and abbreviation — the auxiliary window parts 78 and 78 of the same size 
configuration are formed, respectively. Moreover, the first free passage hole 66 and the second free 
passage hole 67 are formed in the location corresponding to each window part 68 of said spacer plate 62 
at the connection plate 58, respectively. 

[0021] And while said connection plate 58 puts on one near (it sets to drawing 2 and is the bottom) field 
of said spacer plate 62, when the lock out plate 56 puts on the field of the opposite hand (it sets to 
drawing 2 and is an upside) and it is made to really join by baking, the one ceramic base 64 is 
constituted, moreover, inside this ceramic base 64 By covering the opening of the window part 68 of 
said spacer plate 62, and the auxiliary window part 78 from both sides While the pressurized room 36 
opened for free passage outside through the first and second free passage holes 66 and 67 by this 
window part 68 is put in order by the single tier and formed four the thing of the ends of these four 
pressurized rooms 36 - arranging further — the outside — this auxiliary window part 78 — the dummy 
cavity 37 of predetermined magnitude, and here — a pressurized room 36 and abbreviation — the closed 
space of the same capacity is formed. 

[0022] by the way, such a ceramic base 64 — the above-mentioned ****-- it is formed as an one burned 
product of the ceramics like. That is, as a concrete manufacturing process, a green sheet is first 
fabricated using common equipments, such as doctor blade equipment and reverse roll coater 
equipment, from the slurry of a ceramic raw material and the ceramics prepared by the binder list from a 
solvent etc. Subsequently, if needed, machining or laser processing of cutting, a cut, punching, etc. is 
performed to this green sheet, the second free passage hole 66 and 67 grades are formed window parts 
68 and 78 and for a start, and the precursor of each plates 56, 58, and 62 is formed. And the one ceramic 
base 64 is obtained by carrying out the laminating of each [ these ] precursor, and calcinating it. So, 
without adding special adhesion processing etc., if it is in this ceramic base 64, in the superposition side 
of each plates 56, 58, and 62, it is stabilized and perfect seal nature can be obtained. 
[0023] In addition, in order to stabilize the seal nature more on the occasion of manufacture of this 
ceramic base 64, it is desirable printing or to carry out coating of the slurry or paste of the same 
construction material beforehand on the green sheet before the above-mentioned baking. Since the 
surface layer which is softer than this green sheet and tends to be crushed by the pressure is formed on a 
green sheet by that cause, after a laminating, application of pressure, and baking, the adhesion between 
each plate increases, in the superposition side of each plates 56, 58, and 62, it is stabilized more and seal 
nature can be obtained. 

[0024] Moreover, if it is in such a ceramic base 64, the connection plate 58 is formed and it has the 
advantage to which the seal field to the ink nozzle member mentioned later becomes small, and adhesion 
workability becomes high from a pressurized room 36 being opened for free passage outside with the 
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second free passage hole 66 and 67 for a start. Furthermore, while the structure reinforcement of the 
ceramic base 64 is raised and the curvature at the time of baking is prevented good in existence of this 
connection plate 58, the handling nature at the time of manufacture and an activity is raised. In addition, 
if the auxiliary window part 78 is sealed from both sides on the lock out plate 56 and the connection 
plate 58 The inside-and-outside pressure differential by the temperature change arises between the air of 
the closed-space slack dummy cavity 37 interior and the air of outer space which are given by this 
auxiliary window part 78 at the time of baking of the ceramic base 64. It is desirable to form the suitable 
free passage hole for the connection plate 58, and for each dummy cavity 37 to be made to be made 
open for free passage from the place which is not desirable in reinforcement by the exterior. 
[0025] Furthermore, although various kinds of well-known materials are adopted suitably and are not 
especially limited as construction material of the ceramics which gives the ceramic base 64, an alumina, 
a zirconia, etc. are suitably adopted from points, such as a moldability. moreover — the lock out plate 56, 
the connection plate 58, and the spacer plate 62 — the degree of sintering and viewpoint of thermal- 
expansion matching — abbreviation — it is desirable to form using the green sheet of the same ceramic 
presentation and particle size distribution. 

[0026] Furthermore, in this ceramic base 64, 50 micrometers or less of 20 micrometers or less of board 
thickness of the lock out plate 56 are more preferably set to about 3-12 micrometers still more preferably 
again. Moreover, generally 10 micrometers or more of board thickness of the spacer plate 62 are 
preferably set to 50 micrometers or more, and, generally 30 micrometers or more of 50 micrometers or 
more of board thickness of the connection plate 58 are further set to 100 micrometers or more still more 
preferably preferably. 

[0027] And the piezo-electricity / electrostriction actuation section 70 of the shape of a film which 
consists of the lower electrode 72, piezo-electricity / electrostriction layer 74, and an up electrode 76 are 
formed in the part corresponding to each pressurized room 36 on the outside surface of this lock out 
plate 56 by the film forming method, respectively. In addition, this electrode layer (vertical electrodes 76 
and 72), and the piezo-electricity / electrostriction layer 74 will be formed of the thin film formation 
technique, such as the thick-film formation technique, such as various kinds of well-known film forming 
methods, for example, screen-stencil, a spray, dipping, and spreading, and an ion beam, sputtering, 
vacuum deposition, ion plating, CVD, plating. And it is also possible to also perform those film 
formation before sintering of the lock out plate 56 (ceramic base 64) or to carry out after sintering. 
Moreover, although heat-treated or calcinated if needed, the lower electrode 72, the piezo-electricity / 
electrostriction layer 74, and the up electrode 76 by which film formation was carried out on this lock 
out plate 56 may be simultaneously performed, after performing such heat treatment or baking at every 
formation of each film or forming all films. 

[0028] In addition, as long as it is the conductor which can bear a heat treatment temperature list at the 
high-temperature-oxidation ambient atmosphere of a burning-temperature degree as a material of the 
electrode layer (vertical electrodes 76 and 72) which constitutes this piezo-electricity / electrostriction 
actuation section 70, it may not be limited especially, and may be a metal simple substance, for example, 
you may be an alloy. Moreover, even if it is the mixture of the insulating ceramics, glass, etc. and a 
metal and an alloy, and it is the conductive ceramics further, it does not interfere at all. On the other 
hand, as long as it is the material in which the electric-field induction distortion of piezo-electricity or an 
electrostrictive effect is shown as a material of piezo-electricity / electrostriction layer 74, it may be 
adopted even if it is which material, and an amorphous material is sufficient also as the material of a 
crystalline substance. Moreover, even if it is a semiconductor material and is a dielectric ceramic 
material and a ferroelectric ceramic material, it may not interfere at all, and may be the material which 
still needs polarization processing, or it may be an unnecessary material. That by which each of 
materials of these electrode layers (72 76) and materials of piezo-electricity / electrostriction layer 74 is 
made especially clear to JP,5-29675,A, JP,5-270912,A, etc. although a well-known thing will be 
adopted suitably will be used advantageously. 

[0029] Moreover, generally the thickness of the piezo-electricity / electrostriction actuation section 70 
which are formed by carrying out is 100 micrometers like the above. It may be 60 micrometers or less 
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preferably hereafter. Moreover, generally 20 micrometers or less of thickness of an electrode layer 
(vertical electrodes 76 and 72) are preferably set to 5 micrometers or less, in order that [ furthermore, ] 
the thickness of piezo-electricity / electrostriction layer 74 may obtain a big variation rate etc. by low 
operating potential ~ general - 50 micrometers the following — desirable - 3 micrometers - 40 
micrometers It considers as a degree. 

[0030] And if it is in the piezo-electricity / electrostriction actuation section 70 formed by doing in this 
way, also in thin board thickness, a mechanical strength and toughness are advantageously securable 
from using the lock out plate 56 as a substrate. In addition, since it is formed by the film forming 
method, on the lock out plate 56, a detailed gap can be separated and a large number can be formed that 
it is simultaneous and easily, without using adhesives etc. 

[003 1] by the way, the thing of the ends in the array direction of piezo-electricity / electrostriction 
actuation section 70 established in the outside surface of the lock out plate 56 as shown in drawing 2 if it 
was in this invention - further - an outside - the auxiliary window part 78 (dummy cavity 37) - 
corresponding — a variation rate - the regulation layers 60 and 60 are formed in one by the 
predetermined pattern, respectively. By having formed such a displacement regulation layer 60 in one on 
the outside surface of the lock out plate 56, the rigidity of the portion concerned will increase, as a result 
deformation by the piezo-electricity / electrostriction actuation sections 70 and 70 of the ends 
pressurized rooms 36 and 36 will be adjusted. 

[0032] In addition, although this displacement regulation layer 60 may be formed of various kinds of 
well-known technique, it is made to form it in one on the outside surface of the lock out plate 56 
advantageously by piezo-electricity / electrostriction actuation section 70, the technique specifically 
adopted on the occasion of formation of the lower electrode 72, the piezo-electricity / electrostriction 
layer 74, and the up electrode 76, and the same film forming method. It is **, and if the film forming 
method is adopted, while being able to form the displacement regulation layer 60 in piezo-electricity / 
electrostriction actuation section 70, and a simultaneous target and being able to control reduction of 
activity manday, and also lifting of a manufacturing cost, it is because layout of a pattern also becomes 
easy. In order to fully enjoy the profit of simultaneous formation with piezo-electricity / electrostriction 
actuation section 70 especially It is desirable to consist of layers which the displacement regulation layer 
60 turns into from the layer of the same lower electrode 72 as said piezo-electricity / electrostriction 
actuation section 70, and/or the piezo-electricity / electrostriction layer 74 at least. The laminated 
structure which formed the up electrode 76 especially in addition to the lower electrode 72 and the 
piezo-electricity / electrostriction layer 74, or them will be adopted especially advantageously. 
[0033] Moreover, the insulating resin material used in order to insulate electrically between the arranged 
piezo-electricity / electrostriction actuation section 70, and 70 is used for such a displacement regulation 
layer 60. It is also possible to constitute including the layer which consists of such an insulating resin 
material. For example, the displacement regulation layer 60 is constituted only from this insulating resin 
material layer, and also it is possible to constitute in the laminated structure which it comes to form with 
at least one of the lower electrode 72 which gives piezo-electricity / electrostriction actuation section 70, 
the piezo-electricity / electrostriction layer 74, and the up electrodes 76. In addition, although it will not 
be limited especially if it is resin which has a predetermined degree of hardness, and application of the 
film forming methods, such as screen-stencil, is possible, and has insulation as this insulating resin 
material, Young's modulus is 2 1 kg/mm preferably. It is 2 lOOOkg/mm above. The following materials 
will be chosen advantageously and heat-curing mold resin, such as acrylic resin and an epoxy resin, will 
be suitably adopted also in it. Moreover, various kinds of solder resists may also be suitably used from 
the point of insulation and membrane formation nature, for example. [0034] Furthermore, the pattern 
will be suitably selected from the place these displacement regulation layers 60 of whose are the 
auxiliary window part 78 and a thing by which the rigidity which will be made to fall by existence of the 
dummy cavity 37 if it puts in another way is controlled by the degree of the reduction of rigidity by this 
dummy cavity 37. And the degree of rigid lifting is controlled by magnitude of the pattern of this 
displacement regulation layer 60, with it has two incomes with the dummy cavity 37, and the 
displacement property of the pressurized rooms 36 and 36 of ends is adjusted, in addition, a variation 
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rate — if the thickness of the regulation layer 60 also influences the rigidity of a pressurized room 36 to 
some extent and the thickness becomes thick — rigid nearby one — although it comes to become high, 
generally as the thickness, 70 micrometers or less will be preferably set to 50 micrometers or less. ** it 
is ** — a variation rate - the thickness of the regulation layer 60 - not much - being also alike - if it 
becomes thick too much — the formation — it is because problems, such as a crack and exfoliation, 
become set in process and is easy to be caused. 

[0035] If it is in the actuator 34 obtained in this way It arranges to the thing of the ends of four 
pressurized rooms 36 (it corresponds to a window part 68) which arranged in the shape of a train and 
were prepared. On the outside, furthermore, the dummy cavity 37 (it corresponds to the auxiliary 
window part 78) designed by the predetermined size configuration From the place prepared, 
respectively, while the rigidity of the pressurized room 36 of the ends is made to fall effectively By 
forming the displacement regulation layer 60 in the part on the outside surface of the lock out plate 56 
corresponding to this dummy cavity 37 in one by the predetermined pattern Rigidity is raised 
moderately, with these dummy cavity 37 and the displacement regulation layer 60 have two incomes. 
The deformans of the pressurized room 36 of ends is adjusted, if it puts in another way, the deformation 
of each pressurized room 36 will be made to equalize, and the amount of displacement by four piezo- 
electricity / electrostriction actuation sections 70 and the operational characteristic which was excellent 
by this will be stabilized, and will be acquired. In addition, it sets between the lock out plates 56 which 
form a pressurized room 36 at the time of baking of piezo-electricity / electrostriction actuation section 
70. Although the thermal stress based on a coefficient-of-thermal-expansion difference arises in the 
stress and the list accompanying sintering and the burning shrinkage at the time of carrying out 
eburnation in piezo-electricity / electrostriction material and especially the piezo-electricity / 
electrostriction actuation section 70 of ends come to carry out degradation by this at them The problem 
of the degradation of the piezo-electricity / electrostriction actuation section 70 of such ends will also be 
advantageously solved or eased by formation of the above mentioned auxiliary window part 78 (dummy 
cavity 37). 

[0036] And the rigidity of the pressurized room 36 of ends can solve advantageously the problem which 
requires the time amount and costs of **** in the case of being based only on configuration 
modification of the auxiliary window part 78 (dummy cavity 37) many from the place which may be 
finely tuned by modification of the pattern of the displacement regulation layer 60. namely, the outside 
surface top of the lock out plate 56 — a variation rate — only forming the regulation layer 60 — it is - 
such [ moreover ] a variation rate — by performing adjustment rigid only by pattern modification of the 
regulation layer 60, lifting of a manufacturing cost is controlled effectively, and is carried out for that 
pattern modification is cheaper than configuration modification of the auxiliary window part 78, and a 
short period of time, and can perform the preliminary design and design change promptly and cheaply. 
[0037] By the way, this actuator 34 can be used as an ink pump of for example, an ink jet print head, the 
actuator 34 and ink nozzle member like **** are joined to drawing 3 in one, and an example of the 
constituted ink jet print head is shown. In there, 32 is an ink nozzle member which constitutes the ink jet 
print head 30 with an actuator 34, and it has the structure where the nozzle plate 38 and orifice plate 40 
which present the plate configuration of thin meat, respectively piled up on both sides of the passage * 
plate 42 among them, and were joined in one by adhesives as shown in drawing 4 . 
[0038] More, while a through-hole 46 and the orifice hole 48 are formed, the feed holes 54 which supply 
ink are formed in the ink supply passage 52 mentioned later by details in the location corresponding to 
the first free passage hole 66 of said actuator 34, and the second free passage hole 67 in an orifice plate 
40, respectively. Moreover, while a through-hole 47 is formed in the location corresponding to the 
through-hole 46 of an orifice plate 40, the window part 50 which is open for free passage to four orifice 
holes 48 and feed holes 54 of an orifice plate 40 is formed in the passage plate 42. Furthermore, the 
nozzle hole 44 for an ink blowout is formed in the location corresponding to the through-hole 47 of the 
passage plate 42 at the nozzle plate 38. 

[0039] And the ink supply passage 52 is formed by covering the window part 50 which the ink nozzle 
member 32 is formed and was prepared in said passage plate 42 from both sides by the nozzle plate 38 
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and the orifice plate 40 by each [ these ] plates' 38, 40, and 42 piling up, and being made to join in one 
with suitable adhesives. 

[0040] In addition, although especially the construction material of each plates 38, 40, and 42 which 
constitute this ink nozzle member 32 is not limited, when forming the nozzle hole 44 and the orifice hole 
48 with close dimensional accuracy, generally metals, such as plastics, and nickel thru/or stainless steel, 
are adopted suitably. Moreover, it is [ having and forming the taper configuration byway-ized toward the 
ink negotiation direction ] desirable since the orifice hole 48 makes it succeed in the operation like a 
check valve to the ink supplied, for example, as shown in drawing 3 . 

[0041] This ink nozzle member 32 and by being joined in one using suitable adhesives to said actuator 
34 The ink which the target ink jet print head 30 was formed, and was supplied to the ink supply passage 
52 from said feed holes 54 While the pressurized room 36 of an actuator 34 is supplied through the 
orifice hole 48 of the ink nozzle member 32 based on actuation of the piezo-electricity / electrostriction 
actuation section 70 of an actuator 34 It is led through through-holes 46 and 47 from this pressurized 
room 36, and is made to spout from the nozzle hole 44 by the exterior. 

[0042] In addition, as adhesives used for adhesion of the ink nozzle member 32 and an actuator 34, there 
may not be especially definition and any, such as a vinyl system, acrylic, a polyamide system, a phenol 
system, a resorcinol system, a urea system, a melamine system, a polyester system, an epoxy system, a 
furan system, a polyurethane system, a silicone system, a rubber system, a polyimide system, and a 
polyolefine system, are sufficient as it. However, in constituting a print head like this example, it 
chooses adhesives with the endurance over ink. 

[0043] moreover, the paste type or sheet type of the point of mass production nature to high viscosity 
[ gestalt / of adhesives ] — excelling -****-- moreover, the short hot melt adhesive mold of heating 
time - or a room-temperature-curing bonded type is more desirable. And the elastic epoxy adhesive 
which can be screen-stenciled, silicone system adhesives, the epoxy system adhesives which blended 
silicone resin, sheet configuration hot melt type polyolefine system adhesives, polyester system 
adhesives in which stamping is possible, etc. will be used especially suitably. 

[0044] In the ink jet print head 30 which has such structure, the ink regurgitation property of good ink 
pumping ability having been demonstrated, having obtained and having excelled from the place whose 
actuator 34 is what is stabilized and demonstrates the outstanding operational characteristic like **** 
will be stabilized, and will be acquired. 

[0045] While having the **** structure shown in drawing 1 -2 incidentally and putting in order and 
establishing seven pressurized rooms 36 from No.l to No.7 in a single tier It arranges to the pressurized 
room 36 of ends (No.l, No.7). Further on the outside The lock out space slack dummy cavity 37 is 
formed by the auxiliary window part 78, and further to the part on the outside surface of the lock out 
plate 56 corresponding to this dummy cavity 37 The actuator 34 in which it comes to prepare 
simultaneously with this piezo-electricity / electrostriction actuation section 70 the displacement 
regulation layer 60 which consists of the lower electrode 72, and the piezo-electricity / electrostriction 
layer 74 which constitutes piezo-electricity / electrostriction actuation section 70, and two same layers 
by the film forming method is manufactured, the bending at the time of impressing voltage to each 
piezo-electricity / electrostriction actuation section 70 prepared corresponding to each pressurized room 
36 (No.l -No.7) - a variation rate - the amount was measured with the laser Doppler measuring 
machine. Moreover, although such an auxiliary window part 78 (therefore, dummy cavity 37) is formed 
in the actuator and list in which the auxiliary window part 78 is not formed while seven pressurized 
rooms 36 are put in order and established in a single tier like the above as an example of a comparison 
The actuator with which the displacement regulation layer 60 is not formed was manufactured, 
respectively, voltage was impressed about each piezo-electricity / electrostriction actuation section 70 
prepared corresponding to each pressurized room 36, similarly, each pressurized-room wall bent and the 
amount of displacement was measured. And those results were combined and were shown in the 
following table 1. In addition, also in which actuator, the configuration of the auxiliary window part 78 
presupposed that it is the same as that of a window part 68. 
[0046] 
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[A table 1] 
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[0047] It arranges to the thing of the ends of two or more pressurized rooms 36 so that more clearly than 
the result of this table 1. On the outside, further, when the dummy cavity 37 by the auxiliary window 
part 78 is formed and the displacement regulation layer 60 is formed on the outside surface of the lock 
out plate 56 As opposed to an amount becoming almost equal to the thing of inside piezo-electricity / 
electrostriction actuation section 70, and the actuator with little dispersion in operational characteristic 
being obtained bending by actuation of the piezo-electricity / electrostriction actuation section 70 of 
ends » a variation rate ~ If it is when the dummy cavity 37 and the displacement regulation layer 60 are 
not formed, it bends, the amount of displacement becomes small substantially, and the thing to depend 
on the piezo-electricity / electrostriction actuation section 70 of ends and which operational 
characteristic is falling remarkably is accepted. Moreover, if it was when only the dummy cavity 37 was 
formed, since the magnitude of the dummy cavity 37 was unsuitable, the rigidity of the pressurized 
room 36 of ends becomes low too much, it will be based on piezo-electricity / electrostriction actuation 
section 70, and will bend, the amount of displacement will become large too much, and operational 
characteristic will vary also in such a case. 

[0048] As mentioned above, it is a place needless to say that this invention is not what also receives any 
constraint by the publication of this example although the typical example of this invention has been 
explained in full detail. Moreover, it should be understood that it is what can add modification which 
becomes various based on this contractor's information, correction, amelioration, etc. to this invention 
unless it deviates from the meaning of this invention other than the above-mentioned example. 
[0049] For example, the configuration of an actuator 34 is not what is limited to the thing of said 
example in any way. Even if various kinds of well-known structures may be adopted and it is in the 
configuration of the pressurized room [ in / an actuator 34 ] 36, and the piezo-electricity / electrostriction 
actuation section 70, a formation location, the number of formation, etc., it is not what is limited in any 
way. As long as it is arranged in the shape of [ in which ends are formed ] a train, according to the 
object, it may be selected suitably. Moreover, although the auxiliary window part 78 (dummy cavity 37) 
was arranged in the thing of the ends of the direction of a list of two or more window parts 68 and being 
formed in every one outside each of the in said example The displacement regulation layer 60 which is 
not necessarily possible not only for one but preparing in the number beyond it, and follows this 
invention to still such two or more window parts 78 will be formed in at least one or the response part 
beyond it. 

[0050] And it is used as an ink pump of the ink jet print head of various structures besides the thing of 
above-mentioned structure, and also the actuator of this invention may be advantageously used as a 
micropump, a piezoelectric loudspeaker, a sensor, vibrator, a radiator, a filter, etc. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 




[Drawing 3] 
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[Drawing 2] 
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[Drawing 6] 
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